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METHOD AND DEVICE FOR PILOTING A 
PITCHING AIRCRAFT 

The present invention relates to a method and a device for 
controlling an aircraft in terms of pitch, in particular a trans 
port aircraft. 
More precisely, an object of the present invention is to 

correct a pitch-up phenomenon, Which is a spontaneous 
upWard pitching movement of an aircraft. 

It is knoWn that the pitching moment of an aircraft depends 
on the lever arm betWeen the center of gravity of the aircraft 
(the place Where the Weight is applied) and the center of lift of 
the aircraft (the place Where the lift is applied). On a statically 
stable aircraft, the center of lift is situated behind the center of 
gravity. HoWever, depending on the Mach number of the 
aircraft and the value of its angle of incidence, it is possible to 
stall the Wing tip. The lift coef?cient of the aircraft then has a 
tendency to decrease slightly but, by merely moving the cen 
ter of lift of the aircraft much further forWard, the modulus of 
the pitching moment decreases appreciably, since it is usually 
directly related to the length of the aforesaid lever arm. 
Instantaneously, the restoring moment for restoring the air 
craft to an angle-of-incidence setting is decreased. Control of 
the aircraft then becomes much more di?icult and the angle 
of-incidence oscillation appreciably less damped. The afore 
said pitch-up phenomenon is then present. 

To correct such an instability (or pitch-up), it is knoWn 
practice to supplement the pitch control laW With a corrective 
anti-pitch-up laW, Which is added, supposedly, to improve the 
behavior of the aircraft in this instability phase (of ?ight) by 
trying to relineariZe the variation in the pitching moment as a 
function of the angle of incidence. Such a corrective anti 
pitch-up laW is in general very di?icult to adjust, since it is the 
result of a compromise betWeen the action of the standard 
control laW and that of this added corrective laW Which seeks 
to regain the aforesaid linearity. With such a correction, the 
behavior of the aircraft is generally different than the behavior 
that it had before the pitch-up phenomenon occurred, for 
example more damped, but greatly sloWed doWn, With 
increased inertia in maneuvers. 

The corrective anti-pitch-up laWs of the aforesaid standard 
type are therefore not completely satisfactory. 
An object of the present invention is to remedy these draW 

backs. It relates to a method of controlling an aircraft, in 
particular a transport aircraft, in terms of pitch, Which makes 
an effective correction to a pitch-up phenomenon of the afore 
said type. 

For this purpose, according to the invention, said method 
according to Which the folloWing series of successive steps is 
carried out, in an automatic and repetitive manner: 
a) a controlled load factor NZc is taken into account; 
b) a load factor NZcg applied to the aircraft is estimated; 
c) a control command is calculated by taking into account at 

least the folloWing main expression: 

K1 and K2 being tWo predetermined gain values; and 
d) this control command is transmitted to a means for de?ect 

ing at least one rudder of the aircraft, said de?ection means 
generating a de?ection command representative of said 
control command and transmitting it to at least one actuator 
of said rudder, is noteWorthy in that the folloWing series of 
successive steps is carried out in addition, in an automatic 
and repetitive manner, before said step c): 
the actual Mach number of the aircraft is determined; 
the actual angle of incidence of the aircraft is determined; 
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2 
said actual angle of incidence is compared to an angle-of 

incidence reference value; and 
if said actual angle of incidence is greater than said refer 

ence value, a modi?ed gain value AK2 is determined 
With the aid of said actual Mach number and of said 
actual angle of incidence, said modi?ed gain value AK2 
replacing said gain value K2 in the calculation of said 
control command in said step c). 

Thus, by virtue of the invention, a corrective laW is not 
added to the standard control laW (illustrated by the aforesaid 
main expression), but the load factor feedback gain of this 
control laW is modi?ed as a function of the angle of incidence 
and Mach number of the aircraft, in order to counteract the 
effect of the pitch-up phenomenon. This makes it possible in 
particular for the dynamic range that the aircraft had in closed 
loop in the linear domain to be maintained in the domain in 
Which said pitch-up phenomenon occurs and thus makes it 
possible to recover the nominal performance of the control 
laW in this highly nonlinear domain. 

In an advantageous manner, said angle-of-incidence refer 
ence value is determined With the aid of said actual Mach 
number of the aircraft. 

It Will be noted that the present invention applies to any 
standard control laW Which incorporates load factor feedback 
(namely, for said load factor NZcg). 

In a particular embodiment, the folloWing operations are 
carried out in addition: 

a pitch rate 9 applied to the aircraft is estimated; 
an integral INZ of the load factor applied to the aircraft is 

estimated; and 
in step c), said control command is calculated by taking 

account, in said main expression, of the folloWing aux 
iliary expression: 

K3 and K4 being tWo predetermined gain values. 
The present invention therefore also applies to a control 

laW having, in addition to a load factor feedback, a pitch rate 
feedback and a load factor integral feedback. 

In the latter case, said modi?ed gain value AK2 advanta 
geously satis?es the folloWing expression: 

in Which: 
m is the mass of the aircraft; 
g is the acceleration due to gravity; 
K5 and CZO. are tWo variable parameters, dependent on the 

actual Mach number; 
0t is said actual angle of incidence; 
(x0 is said angle-of-incidence reference value; 
S is a reference area of the aircraft Wing; and 
Pdyn is the dynamic pressure. 
Thus, the modi?cation of the gain value is based on aero 

dynamic coe?icients (Which come into the calculation of 
AK2) and uses in particular the dynamic pressure Pdyn 
(Which takes account of the effect of the speed). 
The present invention also relates to a device for control 

ling an aircraft in terms of pitch, the purpose of Which is to 
counteract, if appropriate, a pitch-up phenomenon of the 
aforesaid type. 

According to the invention, said control device of the type 
comprising: 
means for receiving a controlled load factor NZc; 
means for estimating a load factor NZcg applied to the 

aircraft; and 
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a calculation means for calculating a control command 
(according to a standard control laW) by taking into 
account at least the following main expression: 

K1 and K2 being tWo predetermined gain values, 

this control command being transmitted to a means for 
de?ecting at least one rudder of the aircraft, said de?ection 
means generating a de?ection command representative of 
said control command and transmitting it to at least one 
actuator of said rudder, is noteWorthy in that it comprises in 
addition: 
means for determining the actual Mach number of the 

aircraft; 
means for determining the actual angle of incidence of the 

aircraft; 
means for comparing said actual angle of incidence to an 

angle-of-incidence reference value; and 
means for determining a modi?ed gain value AK2 With the 

aid of said actual Mach number and of said actual angle 
of incidence if said actual angle of incidence is greater 
than said reference value, said modi?ed gain value AK2 
replacing said gain value K2 in the calculation of said 
control command carried out by said calculation means. 

An object of the present invention is therefore to adapt the 
feedback gain (in terms of load factor NZcg) of a standard 
control laW to the nonlinear pitch-up phenomenon. 

In a particular embodiment: 
the control device in accordance With the invention com 

prises in addition: 
means for estimating a pitch rate 9 applied to the aircraft; 

and 
means for estimating an integral INZ of the load factor 

applied to the aircraft; and 
said calculation means is formed so as to calculate said 

control command by taking account, in said main 
expression, of the folloWing auxiliary expression: 

K3 and K4 being tWo predetermined gain values. 
The present invention also relates to a system for control 

ling an aircraft, Which comprises: 
a means for generating a controlled load factor; 

a control device such as that mentioned above, for gener 
ating a control command With the aid of said controlled 
load factor; and 

a de?ection means Which generates a de?ection command 
for at least one rudder of the aircraft With the aid of said 
control command and Which transmits this de?ection 
command to at least one actuator of said rudder. 

Advantageously, said means for generating a controlled 
load factor comprises, in a standard manner, an automatic 
pilot and/ or a control stick device. 

Furthermore, in a particular embodiment, said control 
device is incorporated Within an automatic pilot of the air 
craft. 

The ?gures of the appended draWing Will elucidate the 
manner in Which the invention may be carried out. In these 
?gures, identical references designate similar elements. 

FIG. 1 is the schematic diagram of a device in accordance 
With the invention. 

FIG. 2 is a graph that makes it possible to explain the Zone 
in Which the correction made by a device in accordance With 
the invention comes into play. 
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4 
FIGS. 3 and 4 shoW schematically particular embodiments 

of speci?c characteristics of a device in accordance With the 
invention. 
The device 1 in accordance With the invention and repre 

sented schematically in FIG. 1 is for determining pitch con 
trol commands for an aircraft (not represented), in particular 
a transport aircraft. For this purpose, this device 1 forms part 
of a standard control system 2. 

Said control system 2, Which is in particular intended for 
controlling the aircraft in terms of pitch, comprises: 

a means 3 speci?ed beloW for generating a controlled load 
factor NZc; 

said control device 1 Which is connected via a link 4 to said 
means 3 and the purpose of Which is to generate a control 
command speci?ed beloW, With the aid of the controlled 
load factor NZc received from said means 3; and 

a de?ection means 5 Which is connected via a link 6 to said 
control device 1 and Which generates, With the aid of the 
control command received from said device 1, a de?ec 
tion command for at least one rudder 7 of the aircraft, in 
particular an elevator. This de?ection means 5 transmits 
this de?ection command by Way of a link 8, in a standard 
manner, to at least one actuator 9 of said rudder 7. 

Furthermore, said control device 1 is of the type compris 
ing: 

means, in particular a link 4, that make it possible to receive 
a controlled load factor NZc; 

a set 10 of feedback information sources, Which comprises 
in particular means 11 for estimating a load factor NZcg 
applied to the aircraft; and 

a calculation means 12 for calculating a control command, 
in accordance With a control laW, by taking into account 
at least the folloWing main expression (1): 

in Which K1 and K2 are tWo predetermined gain values. 
According to the invention, said device 1 is tailored in such 

a Way as to be able to make an effective correction to an 

aircraft pitch-up phenomenon. Such a pitch-up phenomenon 
occurs When the actual angle-of-incidence 0t of the aircraft 
exceeds an angle-of-incidence reference value (X0, as repre 
sented in the graph of FIG. 2, Which shoWs the evolution of the 
pitching moment Cm of the aircraft about its center of gravity 
as a function of said actual angle of incidence 0t. In a Zone Z1 
corresponding to angle of incidence values beloW the refer 
ence value (x0, normal linear behavior of the aircraft is 
present. Furthermore, a pitch-up domain, Which is a highly 
nonlinear domain, is illustrated by a Zone Z2, Which corre 
sponds to angle of incidence values above (x0. 

Accordingly, said device 1 further comprises, according to 
the invention: 
means 13 for determining, in a standard manner, the actual 
Mach number of the aircraft; 

means 14 for determining, also in a standard manner, the 
actual angle of incidence 0t of the aircraft; 

means 15 for comparing said actual angle of incidence 0t 
received from the means 14 to the angle-of-incidence 
reference value (x0, Which may vary, as speci?ed beloW; 
and 

means 16 Which are connected via a link 17 to said means 

15, for determining a modi?ed gain value AK2 as soon as 
said means 15 indicate that the actual angle of incidence 
0t is greater than said reference value (X0, that is to say as 
soon as the aircraft is in a pitch-up domain Z2. Said 
means 16 calculate said modi?ed gain value AK2 With 
the aid of said actual Mach number received from said 
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means 13 and said actual angle of incidence 0t received 
from said means 14, and they transmit (link 27) the 
modi?ed gain value (XKZ thus calculated to said calcu 
lation means 12 Which replaces said gain value K2 With 
this modi?ed gain value AK2 in the aforesaid main 
expression (1). 

Moreover, said means 15 determine said angle-of-inci 
dence reference value (x0, doing so in a standard manner With 
the aid of the actual Mach number received from said means 
13. 

It Will be noted that the present invention applies to any 
standard control laW Which incorporates a load factor feed 
back (namely, for said load factor NZcg). Thus, by virtue of 
the invention, a corrective laW is not added to the standard 
control laW (illustrated by the aforesaid main expression (1)), 
but the feedback gain (XKZ in terms of load factor NZcg of this 
control laW is modi?ed as a function of the actual angle of 
incidence 0t and of the actual Mach number of the aircraft, in 
order to counteract the effects of said pitch-up phenomenon. 
This makes it possible in particular for the dynamic range that 
the aircraft had in closed loop in the linear domain Z1 to be 
maintained in the domain Z2 in Which said pitch-up phenom 
enon occurs and thus makes it possible to recover the nominal 
performance of the control laW in this highly nonlinear 
domain. 

In a particular embodiment represented in FIG. 3, said 
means 3 for generating a controlled load factor NZc com 
prises, in a standard manner, an automatic pilot 18 Which 
produces a ?rst controlled load factor NZd and a standard 
control stick device 19 Which comprises a control stick that 
can be operated by a pilot, and Which produces a second 
corresponding controlled load factor NZc2, and also a calcu 
lation means 20 Which is connected by Way of links 21 and 22 
respectively to said automatic pilot 18 and to said device 19 
and Which sums the tWo controlled load factors NZd and 
NZc2 to obtain said controlled load factor NZc Which is 
transmitted to the device 1 by Way of the link 4. 

Furthermore, in a particular embodiment: 
the calculation means 12 and the means 15 and 16 are 

integrated Within a central processing unit 23; 
the means 13 and 14 are integrated Within a set 24 of 

information sources, Which is connected by Way of a link 
25 to said central processing unit 23; and 

said set 10 of information sources is connected by a link 26 
to said central processing unit 23. 

Furthermore, in a particular embodiment, said control 
device 1 is integrated Within an automatic pilot of the aircraft. 

It Will be noted that the present invention also applies to a 
control laW having, in addition to a load factor NZcg feed 
back, a pitch rate 9 feedback and a feedback in terms of the 
integral INZ of the load factor. 

For this purpose, said set 10 comprises, in addition to said 
means 11, as represented in FIG. 4: 

means 28 for estimating a pitch rate 9 applied to the air 
craft; and 

means 29 for estimating an integral INZ of the load factor 
applied to the aircraft. 

In this case, said calculation means 12 is formed so as to 
calculate said control command by taking account, in said 
main expression (1), of the folloWing auxiliary expression 
(2)1 

K3 and K4 being tWo predetermined gain values. 
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6 
Moreover, in this case, said means 16 determine said modi 

?ed gain value AK2 directly from the folloWing expression 
(3): 

in Which: 
m is the mass of the aircraft; 
g is the acceleration due to gravity; 
K5 and CZO. are tWo variable parameters, dependent on the 

actual Mach number. The same holds for (x0, as speci?ed 
above. Preferably, these parameters (x0, K5 and CZO. are 
de?ned in the form of tables, as a function of said actual 
Mach number; 

S is a reference area of the aircraft Wing; and 
Pdyn is the dynamic pressure. 
The Way in Which this expression (3) for the modi?ed gain 

value AK2 is obtained is noW speci?ed. 
To this end, the folloWing notation is used in particular: 
K1, K2, K3 and K4: aforesaid gain values, namely respec 

tively for NZc and for the feedbacks in terms of NZcg, q 
and INZ; 

NZ: variation in the vertical load factor With respect to the 
equilibrium value; 

q: pitch rate: 
0t: angle of incidence; 
oq: pitch control member (tailplane); 
Xf, Xg: respective positions, in meters, of the center of lift 

and of the center of gravity, along the longitudinal axis of 
the aircraft; 

Cm: pitching moment of the aircraft about the center of 
gravity; 

Cmoti: pitching moment for an angle of incidence (xi; 
Czot: lift coe?icient of the aircraft. The lifting force CZ is 

obtained via CZ:CZOt~0t+CZOt0, CZGO being a predeter 
mined parameter; 

Czoq: lift coe?icient of the tailplane; 
Va: aerodynamic speed of the aircraft; 
g: acceleration due to gravity; 
B: pitch inertia of the aircraft; 
Lcma: aerodynamic average chord; 
S: Wing area of the aircraft; 
p: aerodynamic coef?cient; 
D: distance betWeen the center of lift and the center of 

gravity of the aircraft; and 
Pdyn: dynamic pressure. 
It is knoWn that the equations governing the dynamic range 

of the aircraft are open-loop equations (in this representation, 
the value 0t is the variation in incidence With respect to the 
equilibrium position): 

by using the relation 
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Va 

The equations for the closed loop are: 

The denominator of these last tWo equations can also be 
Written, by identi?cation of closed-loop pole placement: 

The coef?cient C1110. comes into this modeling only in the 
term 1110., via the relation: 

1 NIH ma: 

A realistic assumption of this laW is that only the nonlinear 
evolution of the term C1110. in the pitch-up domain Z2 has an 
in?uence on the degradation of the behavior of the aircraft 
because of the rapid variation in the lever arm [Xf-Xg]. The 
evolution of the term CZO. is negligible. 
Under these conditions, in order to maintain the desired 

dynamic range of the aircraft in the presence of a pitch-up 
phenomenon, and by considering the coe?icient 1110. to have 
varied by Amot, it is necessary and suf?cient to modify the 
gain K2 by the folloWing value AK2: 

Ama 
AKZ : 

a 
— - pa-méq 

g 

The folloWing relations hold: 

Ama: -p-S-Lcma-Va2-ACmz1 
l 

2 balk“ 
balk“ 
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Lcm a 

Which remains almost constant 

Pazm-VA 2 

Pd — l v 2 ya _ 5 - p- a 

These equations yield the relation: 

AK 2 = i 

S - Pdyn- Czar Cméq 

Moreover, the folloWing tWo, physically, very realistic 
assumptions are taken into account: 

l/When 0t exceeds the value (X0, C1110. Which Was constant 
hitherto (denoted CmotO) begins to vary proportionately to 
(ct-(x0), so long as a does not become too large 

2/Cm6q is a simple function of the Mach number. 
The folloWing ?nal relation [aforesaid expression (3)] is 

then obtained, giving the modi?ed gain variation AK2, for 
0t>0t0 (and (x0 depending on the Mach number): 

in Which CZO. and K5 vary as a function of the Mach number. 
Moreover, regarding the mo st general embodiment, Which 

includes only a load factor NZcg feedback, it is knoWn that 
the closed-loop transfer function may be Written: 

K2 appears in the denominator of this closed-loop transfer 
function, in one term only, and each time in the folloWing 
form: 

In this formula, the term R is a general Way of denoting 
elements that depend neither on 1110. nor on K2. 
The modi?ed gain value AK2 (for the general case With a 

feedback in terms of NZcg only) can be determined from the 
latter expressions, in a manner similar to the mode of calcu 
lation presented above in connection With simultaneous feed 
backs in terms of INZ, q and NZcg. 

The invention claimed is: 
1. A method of controlling of an aircraft in terms of pitch, 

according to Which method the folloWing series of successive 
steps is carried out, in an automatic and repetitive manner: 

a) a controlled load factor NZc is taken into account; 
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b) a load factor NZcg applied to the aircraft is estimated; 
c) a control command is calculated by taking into account 

at least the following main expression: 

K1 and K2 being tWo predetermined gain values; and 
d) this control command is transmitted to a de?ection 
means (5) of at least one rudder (7) of the aircraft, said 
de?ection means (5) generating a de?ection command 
representative of said control command and transmitting 
it to at least one actuator (9) of said rudder (7), Wherein 
the folloWing series of successive steps is carried out in 
addition, in an automatic and repetitive manner, before 
said step c): 

the actual Mach number of the aircraft is determined; 
the actual angle of incidence of the aircraft is determined; 
said actual angle of incidence is compared to an angle-of 

incidence reference value; and 
if said actual angle of incidence is greater than said refer 

ence value, a modi?ed gain value AK2 is determined 
With the aid of said actual Mach number and of said 
actual angle of incidence, said modi?ed gain value AK2 
replacing said gain value K2 in the calculation of said 
control command in said step c). 

2. The method as claimed in claim 1, Wherein said refer 
ence value of the angle of incidence is determined With the aid 
of said actual Mach number. 

3. The method as claimed in claim 1, Wherein, in addition: 
a pitch rate q applied to the aircraft is estimated; 
an integral INZ of the load factor applied to the aircraft is 

estimated; and 
in step c), said control command is calculated by taking 

account, in said main expression, of the folloWing aux 
iliary expression: 

K3 and K4 being tWo predetermined gain values. 
4. The method as claimed in claim 3, Wherein saidmodi?ed 

gain value AK2 satis?es the folloWing expression: 

in Which: 
m is the mass of the aircraft; 
g is the acceleration due to gravity; 
K5 and CZO. are tWo variable parameters, dependent on the 

actual Mach number; 
0t is said actual angle of incidence; 
otO is said angle-of-incidence reference value; 
S is a reference area of the aircraft Wing; and 
Pdyn is the dynamic pressure. 
5. A device for controlling an aircraft in terms of pitch, said 

device (1) comprising: 
means (4) for receiving a controlled load factor NZc; 
means (11) for estimating a load factor NZcg applied to the 

aircraft; and 
a calculation means (12) for calculating a control com 
mand by taking into account at least the folloWing main 
expression: 
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K1 and K2 being tWo predetermined gain values, 
this control command being transmitted to a de?ection 

means (5) of at least one rudder (7) of the aircraft, said 
de?ection means (5) generating a de?ection command 
representative of said control command and transmitting 
it to at least one actuator (9) of said rudder (7), 

Wherein said device (1) comprises in addition: 
means (13) for determining the actual Mach number of the 

aircraft; 
means (14) for determining the actual angle of incidence of 

the aircraft; 
means (15) for comparing said actual angle of incidence to 

an angle-of-incidence reference value; and 
means (16) for determining a modi?ed gain value AK2 

With the aid of said actual Mach number and of said 
actual angle of incidence if said actual angle of inci 
dence is greater than said reference value, said modi?ed 
gain value AK2 replacing said gain value K2 in 

the calculation of said control command carried out by said 
calculation means (12). 

6. The device as claimed in claim 5, Wherein: 
said device (1) comprises in addition: 
means (28) for estimating a pitch rate applied to the air 

craft; and 
means (29) for estimating an integral INZ of the load factor 

applied to the aircraft; and 
said calculation means (12) is formed so as to calculate said 

control command by taking account, in said main 
expression, of the folloWing auxiliary expression: 

K3 and K4 being tWo predetermined gain values. 
7. A system for controlling an aircraft, Wherein it com 

prises: 
a means (3) for generating a controlled load factor; 
a control device (1) as speci?ed in claim 5, for determining 

a control command With the aid of said controlled load 
factor; and 

a de?ection means (5) Which determines a de?ection com 
mand for at least one rudder (7) of the aircraft With the 
aid of said control command and Which transmits this 
de?ection command at least one actuator(9) of said rud 
der (7). 

8. The system as claimed in claim 7,Wherein said means (3) 
for generating a controlled load factor comprises an auto 
matic pilot (18). 

9. The system as claimed in claim 7, Wherein said means 
(3) for generating a controlled load factor comprises a control 
stick device (19). 

10. The system as claimed in claim 7, Wherein said control 
device (1) is integrated Within an automatic pilot. 

11. An aircraft, comprising a device (1) capable of imple 
menting the method speci?ed in claim 1. 

12. An aircraft, comprising a device (1) such as that speci 
?ed in claim 5. 

13. An aircraft, comprising a system such as that speci?ed 
in claim 7. 


